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Abstract
Supersymmetric QCD and supersymmetric electroweak loop corrections to the
violations of weak isospin to Yukawa couplings are investigated. Specifically it
involves an analysis of the supersymmetric loop corrections to the Higgs couplings
to the third generation quarks and leptons. Here we analyze the SUSY loop cor-
rections to the charged Higgs couplings which are then compared with the super-
symmetric loop corrections to the neutral Higgs couplings previously computed.
It is found that the weak isospin violations can be quite significant, i.e, as much as
40-50% or more of the total loop correction to the Yukawa coupling. The effects
of CP phases are also studied and it is found that these effects can either enhance
or suppress the weak isospin violations. We also investigate the weak isospin vi-
olation effects on the branching ratio BR(H− → t¯b)/BR(H− → ν¯ττ−) and show
that the effects are sensitive to CP phases. Thus an accurate measurement of this
branching ratio along with the branching ratio of the neutral Higgs boson decays
can provide a measure of weak isospin violation along with providing a clue to the
presence of supersymmetry.
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1 Introduction
In this paper we investigate the effects of supersymmetric QCD and supersym-
metric electroweak corrections to the violations of weak isopsin in the couplings
of Higgs to quarks and leptons[1]. Specifically, we compute in this paper the
supersymmetric loop effects to the couplings of the charged Higgs with quarks
and leptons. These are then compared with the supersymmetric corrections to
the couplings of the neutral Higgs. We also study the effects of CP phases on
the charged Higgs couplings. The CP phases that appear in the soft parameters,
however, are subject to strong constraints from the EDMs of the electron[2], and
of the neutron[3] and of the Hg199 atom[4]. The mechanisms available for the
suppression of the EDMs associated with large phases consist of the cancellation
mechanism[5, 6], the mass suppression[7] and phases just in the third generation[8]
among others[9, 10]. Large CP phases affect a variety of low energy phenomena
including the Higgs sector. One such phenomenon is the CP even -CP odd mixing
among the neutral Higgs bosons which has been studied in great detail[11, 12, 13].
Here we study the effects of CP phases on the charged Higgs couplings to quarks
and leptons and also the effect of CP phases on the breakdown of the weak isospin
invariance. The outline of the rest of the paper is as follows: In Sec.2 we give the
basic formalism. In Sec.3 we compute the SUSY QCD and SUSY electroweak loop
correction to the charged Higgs couplings to third generation quarks and leptons.
In Sec.4 we analyze the loop corrections to the charged Higgs decays H− → t¯b and
H− → ν¯ττ−. In Sec.5 we give a numerical analysis of the loop effects and estimate
the sizes of the loop corrections to violations of weak isospin. We also study the
effects of CP phases on the charged Higgs couplings and on the ratio of the decay
branching ratios of the charged Higgs to t¯b and ν¯ττ
−, Finally, the conclusions are
given in Sec.6.
2 The basic formalism
We will use the framework of MSSM which contains two doublets of Higgs and
for the soft breaking sector we will use the extended sugra framework[14] with
nonuniversalities and with CP phases. Thus for the Higgs sector we have
(H1) =
(
H11
H21
)
, (H2) =
(
H12
H22
)
(1)
1
The components of H1 and H2 interact with the quarks and the leptons at the tree
level through[15]
−L = ∑
f=b,τ
hf f¯RfLH
1
1 + htt¯RtLH
2
2 − hbb¯RtLH21 − htt¯RbLH12 − hτ τ¯RνLH21 +H.c. (2)
The loop corrections produce shifts in these couplings and generate new ones as
follows
−Leff =
∑
f=b,τ
(hf + δhf )f¯RfLH
1
1 +∆hf f¯RfLH
2∗
2
+(ht + δht)t¯RtLH
2
2 +∆htt¯RtLH
1∗
1 − (hb + δhb)b¯RtLH21 +∆hbb¯RtLH1∗2
−(ht + δht)t¯RbLH12 +∆htt¯RbLH2∗1 − (hτ + δhτ )τ¯RνLH21 +∆hτ τ¯RνLH1∗2 +H.c. (3)
where ”*” has been used to get a gauge invariant Leff . We rewrite Eq. (3) in a
form which is illustrative
−Leff = ǫij [(hb + δhb)b¯RH i1QjL + (hτ + δhτ )τ¯RH i1ljL + (ht + δht)t¯RQiLHj2 ]
+[∆hbb¯RQ
i
LH
i∗
2 +∆hτ τ¯Rl
i
LH
i∗
2 +∆htt¯RQ
i
LH
i∗
1 ]− Lviolation +H.c. (4)
where
−Lviolation = {−(δhb − δhb)b¯RtLH21 + (∆hb −∆hb)b¯RtLH1∗2
−(δhτ − δhτ )τ¯RνLH21 + (∆hτ −∆hτ )τ¯RνLH1∗2
−(δht − δht)t¯RbLH12 + (∆ht −∆ht)t¯RbLH2∗1 } (5)
The corrections δhb, δhτ , δht, ∆hb, ∆hτ ,and ∆ht have been calculated in Ref.[16,
17, 18] with the inclusion of CP phases. Their effects on the decay of neutral Higgs
couplings have been studied in Ref.[18]. In this paper we analyze δhb,δht,δhτ ,
∆hb,∆ht, and ∆hτ from exchange of sparticles at one loop. We then study their
effects on the decay of the charged Higgs into quarks and leptons for the third
family. We note that in the approximation
δhb,t,τ = δhb,t,τ , ∆hb,t,τ = ∆hb,t,τ (6)
one finds that the right hand side of Eq. (5) vanishes and SUSY loop correc-
tion preserves weak isospin. This is the approximation that is often used in the
literature[1].. However, in general, the equalities of Eq. (6) will not hold and there
will be violations of weak isospin given by Eq. (5). In this paper we will investigate
the size of these violations and their implications on phenomena.
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Figure 1: Exhibition of the supersymmetric loop contribution to the charged Higgs
couplings with third generation quarks. All particles in the loop are heavy super-
symmetric partners with t˜i(b˜j) being heavy stops (sbottoms), g˜ the gluino, and
χ0k(χ
−
i ) neutralinos (charginos).
3 SUSY QCD and SUSY electroweak corrections
to the charged Higgs couplings
Fig. (1) gives the SUSY QCD loop correction through gluino exchange and SUSY
electroweak correction via neutralino and chargino exchanges. In the analysis of
these graphs we use the zero external momentum approximation[19, 1, 18, 17]
rather than the alternate technique of Refs.[20, 21]. We will work within the
frame work of MSSM and SUGRA models allowing for nonuniversalities. We will
characterize the parameter space of these models by using the parameters mA,
m0, m˜i = m 1
2
eiξi (i=1,2,3), A0t , A
0
b ,A
0
τ and tanβ. Here mA is the mass parameter
in the Higgs sector, m0 is the universal scalar mass, m˜i (i,2,3) are the gaugino
masses corresponding to the gauge groups U(1), SU(2) and SU(3)C , A
0
t,b,τ are the
trilinear couplings in stops, sbottoms and staus and tan β =< H2 > / < H1 >
where H2 gives mass to the up quark and H1 gives mass to the down quark and
the lepton. We discuss now the various contributions in detail. For ∆hb we need
b˜t˜H interaction which is given by
Lb˜t˜H = H21 b˜∗j t˜iη′ji +H12 b˜it˜∗jηij +H.c. (7)
where
η′ji =
gmb√
2mW cos β
m0AbD
∗
b2jDt1i +
gmt√
2mW sin β
µD∗b1jDt2i
3
+
gmbmt√
2mW cos β
D∗b2jDt2i +
gm2b√
2mW cos β
D∗b1jDt1i −
g√
2
mW cos βD
∗
b1jDt1i (8)
and
ηij =
gmt√
2mW sin β
m0AtDb1iD
∗
t2j +
gmb√
2mW cos β
µDb2iD
∗
t1j
+
gmbmt√
2mW sin β
Db2iD
∗
t2j +
gm2t√
2mW sin β
Db1iD
∗
t1j −
g√
2
mW sin βDb1iD
∗
t1j (9)
Using the above one finds from Fig.1
∆h
g˜
b = −
2∑
i=1
2∑
j=1
2αs
3π
e−iξ3Db2jD
∗
t1iη
∗
jimg˜f(m
2
g˜, m
2
t˜i
, m2
b˜j
) (10)
where f(m2, m2i , m
2
j) is defined so that
f(m2, m2i , m
2
j) =
1
(m2 −m2i )(m2 −m2j )(m2j −m2i )
(m2jm
2ln
m2j
m2
+m2m2i ln
m2
m2i
+m2im
2
j ln
m2i
m2j
) (11)
for the case i 6= j and
f(m2, m2i , m
2
i ) =
1
(m2i −m2)2
(m2ln
m2i
m2
+ (m2 −m2i )) (12)
Further in Eq.(10) Dbij is the matrix that diagonalizes the b squark mass
2 matrix
so that
b˜L =
2∑
i=1
Db1ib˜i, b˜R =
2∑
i=1
Db2ib˜i (13)
where b˜i are the b squark mass eigen states. Similarly Dtij is the matrix that
diagonalizes the t squark mass2 matrix so that
t˜L =
2∑
i=1
Dt1it˜i, t˜R =
2∑
i=1
Dt2it˜i (14)
where t˜i are the t squark mass eigen states. The SUSY electroweak correction
∆h
EW
b arising from the neutralino exchange and from the chargino exchange (see
Fig.1) is given by the following
∆h
EW
b =
2∑
i=1
2∑
j=1
4∑
k=1
2η∗ji(αbkDb1j − γbkDb2j)(β∗tkD∗t1i + αtkD∗t2i)
mχ0
k
16π2
f(m2χ0
k
, m2t˜i , m
2
b˜j
) +
√
2gξki
mχ0
k
mχ−
i
16π2
[−κbU∗i2Dt1j(β∗tkD∗t1j + αtkD∗t2j)
f(m2t˜j , m
2
χ−
i
, m2χ0
k
) + (αbkDb1j − γbkDb2j)(U∗i1D∗b1j − κbU∗i2D∗b2j)f(m2b˜j , m2χ−i , m
2
χ0
k
)](15)
4
where
ξki = −gX4kV ∗i1 −
g√
2
X2kV
∗
i2 −
g′√
2
X1kV
∗
i2 (16)
Here U and V diagonalize the chargino mass matrix, X diagonalizes the neutralino
mass matrix, and kb is defined by
kb(t) =
mb(t)√
2mW cos β(sin β)
(17)
Finally, αbk, βbk and γbk for the b quark are defined so that
αbk =
gmbX3k
2mW cos β
, βbk = eQbX
′
∗
1k +
g
cos θW
X
′
∗
2k(T3b −Qb sin2 θW )
γbk = eQbX
′
1k −
gQb sin
2 θW
cos θW
X ′2k (18)
and
αtk =
gmtX4k
2mW sin β
, βtk = eQtX
′
∗
1k +
g
cos θW
X
′
∗
2k(T3t −Qt sin2 θW )
γtk = eQtX
′
1k −
gQt sin
2 θW
cos θW
X ′2k (19)
where Qb(t) = −13(23) and T3b(t) = −12(12) and where
X ′1k = X1k cos θW +X2k sin θW
X ′2k = −X1k sin θW +X2k cos θW (20)
Thus the total correction ∆hb is given by
∆hb = ∆h
g˜
b +∆h
EW
b (21)
Similarly the SUSY QCD and SUSY electroweak correction δhb is computed to be
δhb =
2∑
i=1
2∑
j=1
2αs
3π
e−iξ3Db2jD
∗
t1iη
′
jimg˜f(m
2
g˜, m
2
t˜i
, m2
b˜j
)
−
2∑
i=1
2∑
j=1
4∑
k=1
2η′ji(αbkDb1j − γbkDb2j)(β∗tkD∗t1i + αtkD∗t2i)
mχ0
k
16π2
f(m2χ0
k
, m2t˜i , m
2
b˜j
) (22)
An analysis similar to the above gives for ∆ht and for δht the following
∆ht = −
2∑
i=1
2∑
j=1
2αs
3π
e−iξ3D∗b1iDt2jη
′∗
ijmg˜f(m
2
g˜, m
2
b˜i
, m2t˜j )
+
2∑
i=1
2∑
j=1
4∑
k=1
2η
′
∗
ij (αtkDt1j − γtkDt2j)(β∗bkD∗b1i + αbkD∗b2i)
mχ0
k
16π2
f(m2χ0
k
, m2
b˜i
, m2t˜j )
+
2∑
i=1
2∑
j=1
4∑
k=1
√
2gξ∗
′
ki
mχ0
k
mχ−
i
16π2
[−ktV ∗i2Db1j(β∗bkD∗b1j + αbkD∗b2j)
f(m2
b˜j
, m2
χ−
i
, m2χ0
k
) + (αtkDt1j − γtkDt2j)(V ∗i1D∗t1j − ktV ∗i2D∗t2j)f(m2t˜j , m2χ−i , m
2
χ0
k
)](23)
5
where
ξ′ki = −gX∗3kUi1 +
g√
2
Ui2X
∗
2k +
g′√
2
Ui2X
∗
1k (24)
Similarly for δht one has the following
δht =
2∑
i=1
2∑
j=1
2αs
3π
e−iξ3D∗b1iDt2jηijmg˜f(m
2
g˜, m
2
b˜i
, m2t˜j )
−
2∑
i=1
2∑
j=1
4∑
k=1
2ηij(αtkDt1j − γtkDt2j)(β∗bkD∗b1i + αbkD∗b2i)
mχ0
k
16π2
f(m2χ0
k
, m2
b˜i
, m2t˜j ) (25)
The analysis of ∆hτ and of δhτ is free of the SUSY QCD correction while the
SUSY electroweak correction gives
∆hτ =
2∑
j=1
4∑
k=1
2ητ∗j [ατkDτ1j − γτkDτ2j ]β∗νk
mχ0
k
16π2
f(m2χ0
k
, m2ν˜ , m
2
τ˜j
)
−
√
2gξkj
mχ0
k
mχ−
j
16π2
[kτU
∗
j2β
∗
νkf(m
2
ν˜ , m
2
χ−
j
, m2χ0
k
)]
+
2∑
i=1
2∑
j=1
4∑
k=1
√
2gξki
mχ0
k
mχ−
i
16π2
[(U∗i1D
∗
τ1j − kτU∗i2D∗τ2j)
(ατkDτ1j − γτkDτ2j)f(m2τ˜j , m2χ−
i
, m2χ0
k
)] (26)
where Dτij, kτ , ατk, βτk, γτk, βνk are defined similar to Dbij, kb etc. Finally, for
δhτ we have
δhτ = −
2∑
j=1
4∑
k=1
2ητ
′
j [ατkDτ1j − γτkDτ2j]β∗νk
mχ0
k
16π2
f(m2χ0
k
, m2ν˜ , m
2
τ˜j
) (27)
where
ητj =
gmτ√
2mW cos β
µDτ2j − g√
2
mW sin βDτ1j
ητ
′
j =
gmτ√
2mW cos β
m0AτD
∗
τ2j +
gm2τ√
2mW cos β
D∗τ1j −
g√
2
mW cos βD
∗
τ1j (28)
One measure of the size of the violation of the weak isospin is the deviation of the
barred quantities from the unbarred quantities. Thus as a measure of violations
of weak isospin in b quark couplings we define the quantity rb where
rb =
√
|∆hb|2 + |δhb|2√
|∆hb|2 + |δhb|2
(29)
The deviation of this quantity from unity is an indication of the violation of weak
isospin in the Higgs couplings. Similarly we can define rt and rτ by replacing b
with t and τ in Eq. (29).
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4 SUSY loop correction to charged Higgs De-
cays: H− → t¯b and H− → ν¯ττ−
In this section we study the branching ratio involving the decays H− → t¯b and
H− → ν¯τ τ−. One may recall that in the neutral Higgs sector, the ratio Rh0 =
BR(h0 → bb¯)/BR(h0 → τ τ¯ ) is found to be sensitive to the supersymmetric loop
corrections[22] and to CP phases. In an analogous fashion in this paper we define
the ratio RH
−
= BR(H− → t¯b)/BR(H− → ν¯ττ−) and show that this ratio is a
sensitive function of the supersymmetric loop corrections, a sensitive function of
the CP phases and in addition sensitive to the violations of weak isospin. To this
end it is convenient to display the charged Higgs interaction
−Lint = b¯(Bsbt +Bpbtγ5)tH− + τ¯(Bsντ +Bpντγ5)νH− +H.c. (30)
where
Bsbt = −
1
2
(hb + δhb)e
−iθbt sin β +
1
2
∆hbe
−iθbt cos β
−1
2
(ht + δh∗t )e
iθbt cos β +
1
2
∆h∗t e
iθbt sin β
Bpbt = −
1
2
(ht + δh∗t )e
iθbt cos β +
1
2
∆h∗t e
iθbt sin β
+
1
2
(hb + δhb)e
−iθbt sin β − 1
2
∆hbe
−iθbt cos β
Bsντ = −Bpντ = −
1
2
(hτ + δhτ )e
−iχτ/2 sin β + e−iχτ/2
1
2
∆hτ cos β (31)
where θbt = (χb + χt)/2 and where χb, χτ and χt are defined by the following
tanχb =
Im( δhb
hb
+ ∆hb
hb
tan β)
1 +Re( δhb
hb
+ ∆hb
hb
tanβ)
(32)
and the same holds for tanχτ with b replaced by τ on the right hand side of
Eq. (32). For tanχt an expression similar to Eq. (32) holds with b replaced by t
and tan β replaced by cot β. The coupling hb is related to the b quark mass by
the relation
hb =
√
2
mb
v1
[(1 +Re
δhb
hb
+Re
∆hb
hb
tan β)2
+(Im
δhb
hb
+ Im
∆hb
hb
tanβ)2]−
1
2 (33)
and similar relations hold for hτ . For ht a similar relation holds but with v1
replaced by v2 and tan β replaced by cotβ. Notice that δhb and ∆hb in Eqs. (32,
7
33) are not barred quantities. Quantities of interest for the purpose of illustration
of loop effects are Rtb an Rντ defined by
Rtb =
Γ(H− → t¯b)
Γ(H− → t¯b)0 (34)
and
Rντ =
Γ(H− → ν¯ττ−)
Γ(H− → ν¯τ τ−)0 (35)
where
Γ(H− → t¯b) = 3
4πM3H−
((m2t +m
2
b −m2H−)2 − 4m2tm2b)
1
2
{1
2
(|Bsbt|2 + |Bpbt|2)(m2H− −m2t −m2b)−
1
2
(|Bsbt|2 − |Bpbt|2)(2mtmb)}(1 + ω) (36)
Here (1 + ω) is the QCD enhancement factor and is given by[23]
(1 + ω) = 1 + 5.67
αs
π
+ 29.14
α2s
π2
(37)
so that (1 + ω) ≃ 1.25 for αS ≃ 0.12. Similarly we have
Γ(H− → ν¯ττ−) = 3
8πM3H−
(m2H− −m2τ )2(|Bsντ |2 + |Bpντ |2) (38)
The quantities Γ(H− → t¯b)0 and Γ(H− → ν¯ττ−)0 correspond to the tree value,
i.e., when the loop corrections in Γ(H− → t¯b) and Γ(H− → ν¯τ τ−) are set to zero.
Finally, to quantify the breakdown of the weak isospin arising from SUSY QCD
and SUSY electroweak loop effects we define the following quantities
∆Rtb/ντ =
RH
− −RH−0
RH
−
0
(39)
where the first term in the numerator includes the full loop correction including the
effects of weak isospin violation and the quantities with subscripts 0 are evaluated
at the tree level. Further, we define
∆rtb/ντ =
RH
−
nobar −RH−0
RH
−
0
(40)
where ∆rtb/ντ is defined identical to ∆Rbt/ντ except that no barred quantities are
used, i.e., we set ∆hb,t,τ = ∆hb,t,τ and δhb,t,τ = δhb,t,τ in Eq. (31). A comparion
of ∆rtb/ντ and ∆Rbt/ντ exhibits the amount of weak isospin violation induced by
SUSY loop effects.
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5 Numerical analysis
The analytical analysis of Secs. 2-4 is valid for MSSM. However, the parameter
space of MSSM is rather large and for this reason for the numerical analysis we use
the framework of SUGRA models but allowing for nonuniversalities. Specifically
in the numerical analysis we use the parameters mA, m0, A
0
t , A
0
b = A
0
τ (where
A0
′
s are in general complex), tanβ and ξi (i=1,2,3) where ξi are the phases of the
gaugino masses, i.e., m˜i = m 1
2
eiξi. In addition one has the Higgs mixing param-
eter µ (which appears in the superpotential as µH1H2) which is also in general
complex, i.e., µ = |µ|exp(iθµ), where |µ| is determined by radiative breaking of
the electroweak symmetry while θµ is arbitrary. (We note, however, that not all
the phases are independent since the phases appear only in certain combinations
in physical quantities[24]). We then evolve them through renormalization group
equations to the low energy scales (see e.g., Ref.[25]). Now as seen from the discus-
sion in Secs. 1 and 2, the weak isospin is a symmetry of the tree level Lagrangian
but is violated at the loop level. The size of the weak isopsin violation arising
from loop corrections can be quantified by the rb defined by Eq. (29) (and by
rt, rτ similarly defined). In Fig. (2) we give a plot of rb, rt, rτ as a function of θµ.
Recalling that deviations of rb,t,τ from unity register the violations of weak isospin
we find that indeed such deviations can be as much as 50% or more depending on
the region of the parameter space one is in. Thus in general the violations of weak
isospin arising from Eq.(5) would be significant.
Next we investigate the question of how large the loop corrections themselves
are relative to the tree values. In Fig. (3) we give a plot of Rtb defined by Eq. (34)
as a function of θµ for values of tanβ ranging from 5 to 30 for the specific set of
inputs given in caption of Fig. (3). The analysis of the figure shows that the loop
correction varies strongly with the phase θµ with the correction changing sign as
θµ varies from 0 to π. Further, the analysis shows that the loop correction can
be as large as about 40-50% of the tree contribution in this case. In Fig. (4) we
give a plot of Rtb as a function of ξ2 for the specific set of inputs given in the
caption of Fig. (4). The analysis of Fig. (4) shows that the loop corrections are
substantial and further that they have some sensitivity to ξ2 though the sensitivity
is significantly smaller when compared to the sensitivity to variations in θµ seen in
Fig. (3). The reason for this difference is that ξ2 is the phase that appears only in
the electroweak loops whose contributions are relatively smaller than those arising
from SUSY QCD while the variations in θµ arise from both QCD and electroweak
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contributions. In Fig. (5) we give a comparison of the loop correction to Rtb with
and without phases as a function of tanβ. The lower curves are for three cases (a),
(b) and (c) whose inputs are given in the figure caption. These cases at tanβ = 50
satisfy the EDM constraints including the Hg199 constraint as shown in Table 1
(taken from Ref.[18]). The upper three similar curves have all the same inputs as
the lower three curves except that the phases are all set to zero. Fig. (5) shows that
the loop corrections to Rtb depend sensitively on the phases and the correction can
change sign from its tree value in the presence of phases. Further, the ratio Rtb
is sensitive to tan β with or without the inclusion of phases. The analysis of Figs
(6) - (8) is identical to the analysis of Figs. (3) - (5) except that the analysis of
Figs (6) - (8) is for the ratio Rντ . The main difference here from the Rtb case is
that for the case of Rντ there are no SUSY QCD corrections. Thus the sensitivity
to the variations in the electroweak parameters is larger. Thus a comparison of
Fig. (4) and Fig. (7) shows that Rντ is more sensitive to variations in ξ2 than Rtb
because the electroweak corrections are not masked by QCD as in the case of Rtb.
Finally, in Fig. (9) we plot ∆Rtb/ντ and ∆rtb/ντ defined in Eq. (39) and Eq. (40)
as a function of θµ. A comparison of the two shows that the effect of weak isospin
violation on the branching ratios can be in the neighborhood of 20-25%.
Table 1: EDMs at tanβ = 50 for Figs.(5) and (8)
Case |de|e.cm |dn|e.cm CHgcm
(a) 1.67× 10−27 1.59× 10−27 1.18× 10−27
(b) 6.05× 10−28 3.47× 10−27 1.29× 10−26
(c) 2.14× 10−27 8.90× 10−28 1.25× 10−26
6 Conclusions
In this paper we have investigated the effects of supersymmetric loop corrections
on the violations of weak isospin in Yukawa couplings of the Higgs to quarks and
leptons. Specifically we have computed the gluino, chargino and neutralino loop
corrections to the charged Higgs couplings to the third generation quarks and lep-
tons. We find that the loop corrections to the charged Higgs couplings can be as
much as 40-50% of the tree level contribution. We also compared the supersym-
metric loop corrections to the charged Higgs couplings with the supersymmetric
loop corrections to the neutral Higgs couplings. The disparity between the charged
Higgs and the neutral Higgs couplings is a measure of the violations of weak isospin
10
in the effective low energy Lagrangian. The analysis shows that the effects of vio-
lations of weak isospin on the Yukawa couplings can be as much as fifty percent or
more. It is also found that such violations are in fact also sensitive to CP phases.
Using these results we have investigated the charged Higgs decays H− → t¯b and
H− → ν¯ττ−. It is shown that the branching ratios for these decays are sensitive
to weak isospin violation effects and the effects of the violations of weak isospin
on the branching ratio can be as much as 20-25%, and thus accurate measurement
of the branching ratios of the charged and neutral Higgs decays can provide a
measure of such violations. The new results of this paper are contained in Secs.3,4
and 5. Specifically in Sec.3 we have given computations of ∆hb,t,τ and δhb,t,τ not
previously computed in the literature in the current framework. The analysis of
this paper will also be useful in the more accurate computations of decays of the
stops and sbottoms[26] and in the more accurate computation of charged Higgs
decays[27].
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Appendix A
For the convenience of comparison of the barred and the unbarred quantities we
exhibit below the unbarred quantities for the bottom quark[18]. First we exhibit
∆hb. We have
∆hb = −
2∑
i=1
2∑
j=1
2αs
3π
e−iξ3mg˜G
∗
ijD
∗
b1iDb2jf(m
2
g˜, m
2
b˜i
, m2
b˜j
)
−
2∑
i=1
2∑
j=1
2∑
k=1
g2E∗ij{V ∗k1D∗t1i − ktV ∗k2D∗t2i}(kbU∗k2Dt1j)
mχ+
k
16π2
f(m2
χ+
k
, m2t˜i , m
2
t˜j
)
−
2∑
i=1
2∑
j=1
2∑
k=1
g2Cij{V ∗i1D∗t1k − ktV ∗i2D∗t2k}(kbU∗j2Dt1k)
mχ+
i
mχ+
j
16π2
f(m2t˜k , m
2
χ+
i
, m2χ+
j
)
+
2∑
i=1
2∑
j=1
4∑
k=1
2G∗ij{αbkDb1j − γbkDb2j}{β∗bkD∗b1i + αbkD∗b2i}
mχ0
k
16π2
f(m2χ0
k
, m2
b˜i
, m2
b˜j
)
+
4∑
i=1
4∑
j=1
2∑
k=1
2Γij{αbjDb1k − γbjDb2k}{β∗biD∗b1k + αbiD∗b2k}
mχ0
i
mχ0
j
16π2
f(m2
b˜k
, m2χ0
i
, m2χ0
j
)(41)
where
Eij√
2
=
gMZ
2 cos θW
{(1
2
− 2
3
sin2 θW )D
∗
t1iDt1j +
2
3
sin2 θWD
∗
t2iDt2j} sin β
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− gm
2
t
2MW sin β
[D∗t1iDt1j +D
∗
t2iDt2j ]−
gmtm0At
2MW sin β
D∗t2iDt1j (42)
and
Cij√
2
= − g
sin β
[
mχ+
i
2MW
δij −Q∗ij cos β −R∗ij ] (43)
Gij√
2
=
gMZ
2 cos θW
{(−1
2
+
1
3
sin2 θW )D
∗
b1iDb1j −
1
3
sin2 θWD
∗
b2iDb2j} sin β
+
gmbµ
2MW cos β
D∗b1iDb2j (44)
and where
Qij =
√
1
2
Ui2Vj1
Rij =
1
2MW
[m˜∗2Ui1Vj1 + µ
∗Ui2Vj2] (45)
Γij appearing in Eq.(41) is defined by
Γij√
2
= − g
2 sin β
[
mχ0
i
2MW
δij −Q′′∗ij cos β −R
′′
∗
ij ] (46)
where
gQ
′′
ij =
1
2
[X∗3i(gX
∗
2j − g′X∗1j) + (i←→ j)]
R
′′
ij =
1
2MW
[m˜∗1X
∗
1iX
∗
1j + m˜
∗
2X
∗
2iX
∗
2j − µ∗(X∗3iX∗4j +X∗4iX∗3j)] (47)
Next we exhibit δhb[18]. We have
δhb = −
2∑
i=1
2∑
j=1
2αs
3π
e−iξ3mg˜HjiD
∗
b1iDb2jf(m
2
g˜, m
2
b˜i
, m2
b˜j
)
−
2∑
i=1
2∑
j=1
2∑
k=1
g2Fji{V ∗k1D∗t1i − ktV ∗k2D∗t2i}(kbU∗k2Dt1j)
mχ+
k
16π2
f(m2
χ+
k
, m2t˜i , m
2
t˜j
)
+
2∑
i=1
2∑
j=1
4∑
k=1
2Hji{αbkDb1j − γbkDb2j}{β∗bkD∗b1i + αbkD∗b2i}
mχ0
k
16π2
f(m2χ0
k
, m2
b˜i
, m2
b˜j
)(48)
where
Hij√
2
= − gMZ
2 cos θW
{(−1
2
+
1
3
sin2 θW )D
∗
b1iDb1j −
1
3
sin2 θWD
∗
b2iDb2j} cos β
− gm
2
b
2MW cos β
[D∗b1iDb1j +D
∗
b2iDb2j ]−
gmbm0Ab
2MW cos β
D∗b2iDb1j (49)
and
Fij√
2
= − gMZ
2 cos θW
{(1
2
− 2
3
sin2 θW )D
∗
t1iDt1j +
2
3
sin2 θWD
∗
t2iDt2j} cos β
+
gmtµ
2MW sin β
D∗t1iDt2j (50)
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Figure 2: Plot of rb, rt, rτ as a function of θµ for the following inputs: (solid
curves) mA = 200, tanβ = 20, m0 = 350, mg˜ = 300, ξ1 = .1, ξ2 = .2, ξ3 = −.3,
|A0t | = 3, αA0t = 0, |A0b | = 7, αA0b = 2. The curves in descending order at θµ = 0
correspond to rb, rτ and rt; (dashed curves) same input as for solid curves except
that m0 = 375 and |A0b | = 8. All masses are in GeV and all angles are in GeV
here and in succeeding figures.
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Figure 3: Plot of Rtb = BR(H
− → t¯b)loop/BR(H− → t¯b)tree as a function of the
phase θµ. The input parameters are: mA = 200, m0 = 200, mg˜ = 400, ξ1 = 0,
ξ2 = π, ξ3 = π, αA0t = 0 = αA0b = 0, and |A0t | = |A0b | = 4. The curves in ascending
order at the point θµ = π correspond to tan β = 5, 10, 15, 20, 30.
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Figure 4: Plot of Rtb as a function of the phase ξ2. The input parameters are:
mA = 200, m0 = 200, αA0t = 0 = αA0b = 0, |A0t | = |A0b | = 2, ξ1 = 0, ξ3 = 0, θµ = 0
and tan β = 10. The curves in ascending order at ξ2 = π correspond to values of
mg˜ = 300, 400, 600, 800, 1000.
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Figure 5: An exhibition of Rtb as a function of tanβ with and without phases.
The three lower curves are for the cases (a), (b) and (c) with parameters given
by : (a)mA = 200, m0 = m 1
2
= 300, A0 = 4, αA0 = 1, ξ1 = .5, ξ2 = .659,
ξ3 = .633, θµ = 2.5 (solid) ; (b) mA = 200 GeV, m0 = m 1
2
= 555 GeV, A0 = 4,
αA0 = 2, ξ1 = .6, ξ2 = .653, ξ3 = .672,θµ = 2.5 (long-dashed); (c) mA = 200 GeV,
m0 = m 1
2
= 480 GeV, A0 = 3, αA0 = .8, ξ1 = .4, ξ2 = .668, ξ3 = .6, θµ = 2.5 (dot-
dashed). |A0t | = |A0b | = A0, αA0t = αA0b = αA0 in all cases. The edm constraints
including the H199g are satisfied for the above curves at tan β = 50 as shown in
Table 1. A plot of the above three cases but with the phases set to zero are given
by the similar upper curves.
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Figure 6: Plot of Rντ = BR(H
− → ν¯τ−)loop/BR(H− → ν¯τ−)tree as a function of
the phase θµ. The input parameters are: mA = 200, m0 = 200, mg˜ = 400, ξ1 = 0,
ξ2 = π, ξ3 = π, αA0t = αA0b = 0, and |A0t | = |A0b | = 4. The curves in descending
order at the point θµ = π correspond to tan β = 5, 10, 15, 20, 30
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Figure 7: Plot of Rντ as a function of the phase ξ2. The input parameters are:
mA = 200, m0 = 200, αA0t = αA0b = 0, |A0t | = |A0b | = 2, ξ1 = 0, ξ3 = 0, θµ = 0
and tan β = 10. The curves in ascending order at ξ2 = π correspond to values of
mg˜ = 300, 400, 600, 800, 1000.
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Figure 8: An exhibition of Rντ as a function of tanβ with and without phases.
The three upper curves are for the cases (a), (b) and (c) with parameters given
by : (a)mA = 200, m0 = m 1
2
= 300, A0 = 4, αA0 = 1, ξ1 = .5, ξ2 = .659,
ξ3 = .633, θµ = 2.5 (solid) ; (b) mA = 200 GeV, m0 = m 1
2
= 555 GeV, A0 = 4,
αA0 = 2, ξ1 = .6, ξ2 = .653, ξ3 = .672,θµ = 2.5 (long-dashed); (c) mA = 200 GeV,
m0 = m 1
2
= 480 GeV, A0 = 3, αA0 = .8, ξ1 = .4, ξ2 = .668, ξ3 = .6, θµ = 2.5 (dot-
dashed). |A0t | = |A0b | = A0, αA0t = αA0b = αA0 in all cases. The edm constraints
including the H199g are satisfied for the above curves at tan β = 50 as shown in
Table 1. A plot of the above three cases but with the phases set to zero are given
by the similar lower curves.
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Figure 9: Plot of ∆Rtb/ντ and ∆rtb/ντ as a function of θµ for the following in-
puts:(solid curves) mA = 200, m0 = 300, mg˜ = 300, tanβ = 20, ξ1 = .1, ξ2 = .2,
ξ3 = −.3, |A0t | = 3, αA0t = 0, |A0b | = 7, αA0b = 2. The curves in descending order at
θµ = 0 correspond to ∆rtb/ντ and ∆Rtb/ντ ; (dotted curves): same input as for solid
curves except that m0 = 350; (dashed curves) same input as solid curves except
that m0 = 375 and |A0b | = 8.
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